Coxsackievirus B3 (CVB3) infections induce myocarditis in humans and mice. Little is known about the molecular characteristics of CVB3 that activate the cellular immunity responsible for cardiac inflammation. Previous experiments have identified an antibody escape mutant (H310A1) of a myocarditic variant of CVB3 (H3) that attenuates the myocarditic potential of the virus in mice in spite of ongoing viral replication in the heart. We have cloned full-length infectious cDNA copies of the viral genome of both the wild-type myocarditic H3 variant of CVB3 and the antibody escape mutant H310A1. Progeny viruses maintained the myocarditic and attenuated myocarditic potential of the parent viruses, H3 and H310A1. The full sequence of the H3 viral cDNA is reported and compared with those of previously published CVB3 variants. Comparison of the full sequences of H3 and H310A1 viruses identified a single nonconserved mutation (A to G) in the P1 polyprotein region at nucleotide 1442 resulting in an asparagine-to-aspartate mutation in amino acid 165 of VP2. This mutation is in a region that corresponds to the puff region of VP2. Nucleotide 1442 of the H3 and H310A1 cDNA copies of the viral genome was mutated to change amino acid 165 of VP2 to aspartate and asparagine, respectively. The presence of asparagine at amino acid 165 of VP2 is associated with the myocarditic phenotype, while an aspartate at the same site reduces the myocarditic potential of the virus. In addition, high-level production of tumor necrosis factor alpha by infected BALB/c monocytes is associated with asparagine at amino acid 165 of VP2 as has been previously demonstrated for the H3 virus. These findings identify potentially important differences between the H3 variant of CVB3 and other previously published CVB3 variants. In addition, the data demonstrate that a point mutation in the puff region of VP2 can markedly alter the ability of CVB3 to induce myocarditis in mice and tumor necrosis factor alpha secretion from infected BALB/c monocytes.
Coxsackieviruses have been identified as important pathogens in myocarditis in children and adults; in addition, they may contribute to the pathogenesis of dilated cardiomyopathy. The precise mechanisms of tissue injury in myocarditis and cardiomyopathy are less clear. Certainly, coxsackieviruses induce cytopathology directly through infection and replication in myocardial cells (6, 20, 46) . However, both clinical and experimental studies also implicate immunopathogenic mechanisms whereby activation of immune responses to either viral or cellular antigens results in myocardial damage and ventricular dysfunction (10) . Most likely both forms of injury precipitate myocarditis and cardiomyopathy, with the relative contributions of virus-and immune-dependent mechanisms varying in different individuals or under different conditions.
A specific model of coxsackievirus B3 (CVB3; Nancy strain)-induced myocarditis was developed by Jack Woodruff and uses a highly myocarditic variant of CVB3 (CVB3w) that induces a severe acute inflammatory response in appropriate strains of infected mice. This CVB3 variant has been used by many investigators to study the immune response associated with myocarditis. Indeed, both Woodruff and Woodruff (45) and Huber and Lodge (14) demonstrated that BALB/c mice depleted of T lymphocytes developed minimal myocarditis despite high cardiac virus titers, indicating that in this strain of mice, myocarditis is primarily mediated through immune rather than viral mechanisms. Little is known about the viral determinants of coxsackieviruses that activate the T cells responsible for cardiac injury. It is therefore important to evaluate the molecular characteristics of distinct CVB3 variants which differ in their abilities to stimulate these pathogenic T cells. This approach has been valuable in understanding the pathogenesis of immunosuppression in mice infected with lymphocytic choriomeningitis virus (3) .
A plaque-purified, highly myocarditic variant of CVB3w, H3, was previously isolated by one passage of CVB3w from the heart of an infected mouse (42) . This plaque-purified variant is highly myocarditic in BALB/c mice (28, 42) . A less myocarditic antibody escape mutant of H3 was previously isolated by incubating the H3 virus with a neutralizing monoclonal antibody, 10A1, and isolating the escape mutant H310A1 in HeLa cells (28, 42) . Previously published data demonstrate that the H310A1 virus is able to infect the myocardium, but that the inflammatory response is severely attenuated compared with that of the H3 virus. Pathogenicity in H3 virus-infected mice correlates to the preferential induction of CVB3-immune CD4 ϩ T cells expressing the T H 1 cell phenotype, characterized by the production of high levels of gamma interferon (IFN-␥) and interleukin-2 (IL-2) but little or no IL-4 expression. CVB3-immune CD4 ϩ cells in H310A1 virus-infected mice express the T H 2 cell phenotype, producing high IL-4 and little IFN-␥ or IL-2. The T H 2-rich CD4 ϩ cell population actively suppresses both immunopathogenic responses and myocarditis when adoptively transferred into H3 virus-infected animals (18, 19) .
The reasons for the difference in T H subset responses induced by these variants is subject of active investigation. H310A1 virus usually replicates to significantly lower titers in vivo and in vitro than H3 virus and additionally stimulates meager cytokine responses (tumor necrosis factor alpha [TNF-␣], IL-1, or IFN-␣/␤) in a macrophage/monocyte cell line (15) as well as in primary cultures of BALB/c splenic macrophages (13) . Either reduction of viral antigen load or suppression of macrophage/monocyte activation may be pivotal in determining T H subset differentiation during CVB3 infection (8) .
Therefore, to begin to understand the mechanisms by which the Woodruff variant of CVB3 can induce the pronounced acute myocarditis and to identify regions of the virus that are important in activating the immune response, we report cloning of infectious cDNA copies of the genome of the H3 variant of CVB3 and the antibody escape mutant H310A1. The full sequence of the H3 variant is compared with the sequence of previously published infectious cDNAs of the Nancy variant of CVB3 (5, 22) . We have also identified a single mutation in the puff region of VP2 in the H310A1 variant that confers an attenuated myocarditic potential to the myocarditic H3 variant of CVB3.
MATERIALS AND METHODS
Mice. BALB/c mice were originally obtained from Cumberland Farms (Clinton, Tenn.). Adult mice were derived from colonies of these mice maintained at the University of Vermont. MRL/ϩϩ male mice, 6 to 10 weeks of age, were kindly supplied by Ralph Budd, Department of Medicine, University of Vermont, from a breeding colony of these animals maintained at this institution.
Viruses. H3 and H310A1 viruses are previously described plaque-purified isolates of the Woodruff variant of CVB3 (42) .
Isolation of viral RNA. After three cycles of freezing and thawing, virus from HeLa cells was treated with DNase I (Sigma) and RNase A (Sigma) (1 g/ml) and then precipitated with 1 M NaCl and 10% polyethylene glycol 8000. The pellet was resuspended in SM buffer with proteinase K (Gibco/BRL) (0.1 mg/ml) and EDTA (0.02 M) and incubated for 15 min at 37ЊC. After 1% sodium dodecyl sulfate (Bio-Rad) was added, the RNA was incubated 30 min at 56ЊC. The RNA was then extracted with Tris-saturated phenol and chloroform-isoamyl alcohol, precipitated in isopropanol, and washed with 70% ethanol.
Generation of full-length cDNA copies of the viral genome. Sense and antisense primers were initially derived from published CVB3 sequences (22, 27, 39) . Reverse transcriptase PCR (RT-PCR) was then performed by using Moloney murine leukemia virus H Ϫ reverse transcriptase and 30 cycles of PCR (95ЊC for 5 min, then 55ЊC for 1 min, 72ЊC for 2 min, and 95ЊC for 1 min for 30 cycles, and finally 72ЊC for 7 min), using Exo ϩ Deep Vent polymerase (New England Biolabs). Because of a significant number of sequence differences in the H3 virus compared with the sequence of the Nancy variant in the P2 and P3 regions of the virus (22, 27, 39) , it was necessary to use low-stringency PCR (95ЊC for 5 min followed 95ЊC for 1 min; 50ЊC for 2 min and 72ЊC for 2 min for 40 cycles; then 72ЊC for 7 min). The PCR products were sequenced. Additional primers were then designed according to the new sequences. Each primer was approximately 30 nucleotides long, including unique 5Ј NotI and a 3Ј SalI or ClaI restriction sites added for convenience in cloning. The PCR products were then cloned into pBluescript KSϪ (Stratagene). Eight fragments overlapping the entire viral genome were obtained. The full-length cDNA was constructed by ligating the overlapping fragments at convenient restriction sites into pBST KSϪ (Stratagene) or pBKCMV (Stratagene) (Fig. 1) .
Transfection and isolation of recombinant virus. Large-scale plasmid preparations of the full-length cDNA were obtained by using Qiagen columns. Plasmid DNA was transfected into Cos cells by using a modified calcium phosphate precipitation protocol as previously described (23) . Large-scale preparations of virus were obtained by transferring supernatant from transfected Cos cells to HeLa cell monolayers with a multiplicity of infection of less than 1.0.
Nucleotide sequencing. cDNA copies of the viral genome were sequenced by using dideoxy nucleotides and the T7 DNA polymerase Sequenase (United States Biochemical) as previously described (34) . Full-length sequence for the H3 viral genome was confirmed by comparing the sequence derived from the H3 genome with the sequence of the H310A1 viral genome. Nucleic acid differences between H3 and H310A1 were confirmed by sequencing plasmid amplified from at least two separate viral preparations and from two to three separate bacterial colonies derived from ligation and transformation of the PCR products. The nucleic acid sequence of H3 virus at primer annealing sites was determined by sequencing separate PCR fragments of the viral genome amplified by using different primers.
Site-directed mutagenesis. Site-directed mutagenesis was performed by using the Sculpture reagents (Amersham). Oligonucleotides that anneal to nucleotides 1430 to 1451 for mutagenesis were designed as follows: VP2-N165D is 5Ј-GCA TCCGGATCCGACAAGTTGG, and VP2-D165N is 5Ј-GCATCCGGATCCA ACAAGTTGG. Mutations were generated in the 887-2089 cDNA fragment of the viral genome ( Fig. 1) . When confirmed by dideoxynucleotide sequencing, the mutated fragment was inserted into the full-length cDNA of the original H3 or H310A1 viral genome.
Organ virus titer. Hearts were removed aseptically, weighed, and homogenized in Dulbecco modified Eagle medium (DMEM) containing 2% fetal bovine serum (FBS). Cellular debris was removed by centrifugation at 300 ϫ g for 10 min, and the titers of virus in the supernatants were determined by plaqueforming assay (42) .
Isolation and sequencing viral RNA from infected hearts. Seven days after inoculation with the appropriate virus, RNA was isolated from the hearts of two mice infected with each variant of CVB3 (H3c, H310A1c, H3 VP2-N165D, and H310A1 VP2-D165N), for a total of eight separate RNA preparations. A fragment of the viral RNA, bp 887 to 2089, was amplified by RT-PCR, and the sequence of the virus at nucleic acid 1442 was determined by dideoxy nucleotide sequencing of at least two individual clones isolated from each PCR.
Infection of macrophage cells. A BALB/c-derived monocyte/macrophage line (J774A.1; American Type Culture Collection, Rockville, Md.) was maintained in DMEM-10% FBS. Approximately 10 5 cells per well were dispensed into 96-well tissue culture plates (Bellco) and exposed to 10 6 PFU of either H3 or H310A1 for 1 h at 37ЊC. The cells were washed, treated with a 1:100 dilution of horse anti-CVB3 (American Type Culture Collection) to eliminate extracellular virus, washed again, and cultured in 200 l of DMEM-10% FBS for times ranging from 12 to 72 h. Supernatants of the triplicate cultures were removed for determination of TNF-␣ concentrations; the cells were retrieved by trypsinization (0.25% trypsin; GIBCO) and frozen and thawed three times, and the virus titer was determined by plaque-forming assay.
TNF-␣ assay. WEHI 164, subclone 13, cells (American Type Culture Collection) were grown in DMEM-10% FBS, centrifuged at 160 ϫ g, washed, resuspended to 10 7 cells per ml, and incubated with 100 Ci of 51 Cr for 2 h at 37ЊC. The cells were washed four times and dispensed (2 ϫ 10 4 cells per well) into 96-well tissue culture plates together with an equal volume of supernatant from the macrophage cultures. A standard curve for TNF-␣-mediated cell lysis was established by using recombinant TNF-␣ (kindly supplied by Genentech, South San Francisco, Calif.) ranging in concentration from 1 to 1,000 U/ml. The plates were incubated at 37ЊC for approximately 15 h in a humidified 5% CO 2 incubator. Percent 51 Cr release and percent lysis of WEHI cells were measured. Histology and image analysis. Hearts were fixed in 10% buffered formalin, sectioned, and stained with either hematoxylin and eosin (for inflammation) or Von Kossa stain (32) (for myocyte injury). Sections stained with Von Kossa stain were used for image analysis in transmitted light mode with an Olympus BX50 compound light microscope (4ϫ objective lens; numerical aperture, 0.13). Truecolor digital images (640 by 480 pixels) were captured with a Sony DXC-960MD/ LLP video camera connected via an RS170 cable to a video frame grabber on a Sun SPARCstation 5. Image processing, and analysis were accomplished with IMIX software (Princeton Gamma Tech, Inc., Princeton, N.J.). For determining the area of cardiac injury, the area of heart (square micrometers) in the total field was calculated on a binary image. The area of injury was determined on the color image by using the "true color" feature of the software. Final percent cardiac injury was calculated by dividing the area of injury by the total area of the heart.
Sections were graded blindly for cardiac inflammation by two of us, using a scale of 0 to 4 in which 0 represented no myocarditis, 1 represented 1 to 10 lesions, 2 represented 11 to 20 lesions, 3 represented 21 to 40 lesions, and 4 represented widespread and confluent inflammation.
Statistics. Statistical evaluations were performed by using either the Wilcoxon ranked score or the Student t test.
Nucleotide sequence accession number. The full nucleic acid sequence of the H3 variant of CVB3 is available through GenBank (accession number U57056). 
RESULTS
Cloning of infectious cDNA copies of H3 and H310A1. To obtain full-length infectious cDNA copies of H3 and H310A1 viral genomes, eight fragments were amplified by RT-PCR. Initial primer sequences were designed according to previously published CVB3 sequences (22, 27, 39) . Because of the significant differences in the sequence of H3 compared with the previously published sequences for CVB3 in the P2 and P3 regions of the coxsackievirus, primers for amplification of the full P2-P3 region were designed at convenient restriction sites from partial H3 sequence of that region. These restriction sites were then used to reconstruct the full-length cDNA copies of the viral genome (Fig. 1) . The full-length cDNA copies of the viral genome were inserted into the NotI-ClaI sites of pBluescript (Stratagene) or pBKCMV (Stratagene). Virus was obtained from the infectious cDNAs by transfection with a modified calcium phosphate precipitate as described in Materials and Methods. As negative controls, cells were mock transfected either without DNA or without calcium. Virus was not isolated from the mock-transfected cultured cells in either case. Virus derived from the infectious cDNA was neutralized with a CVB3-neutralizing monoclonal antibody (8A6) (16) . Antibody neutralization and nucleotide sequencing confirmed that the virus was CVB3.
Nucleotide sequence of H3 cDNA. The full sequence of the H3 cDNA was obtained by using dideoxy sequencing techniques and compared with previously published CVB3 sequences. To exclude the possibility of PCR error in the sequence, the sequence was compared with the sequence of cDNA amplified from at least one other H3 viral preparation. The nucleic acid sequence of the untranslated region is shown in Fig. 2 and compared with previously published sequence of two infectious cDNA copies of CVB3 (22, 39) . The amino acids that are distinct from those of previously published cDNA copies of CVB3 are shown in Table 1 .
Compared with three previously published sequences of the Nancy strain of CVB3 (22, 27, 39) , the H3 virus is 8.2% divergent (605 of 7,400 nucleotides) at the nucleic acid level. In each segment, 3.0% (22 of 742 nucleotides) in the 5Ј untranslated region, 3.1% (92 of 3,003 nucleotides) in the P1 region, 8.1% (162 of 1,992 nucleotides) in the P2 region, 16.0% (320 of 2,004 nucleotides) in the P3 region, and 9.0% (9 of 100 nucleotides) in the 3Ј untranslated region of H3 are divergent from the three other published sequences of CVB3. Compared with deduced amino acid sequences of fully sequenced infectious cDNAs of the Nancy strain of CVB3 (22, 39), 22 of 2,185 (1.0%) amino acids (aa) of the H3 virus are divergent. Of these, 9 of 1,001 (0.9%), 9 of 428 (2.1%), and 15 of 756 (2.0%) amino acid differences are in P1, P2, and P3 regions, respectively (Table 1) . There is also a serine at aa 151 of VP2 of H3, the same as in the CVB3 RD isolate, which allows infection of CVB3 in RD cells by using the complement-binding protein decay-accelerating factor (CD55) as a receptor (2, 26) .
A single mutation in the puff region of VP2 is responsible for the H310A1 myocarditic phenotype. Nucleotide sequencing of the full lengths of both H3 and H310A1 cDNA copies of the viral genome identified a single mutation in H310A1 compared with the H3 virus. There is a change in nucleic acid 1442 from an A to G that results in a change in aa 165 of VP2 from an asparagine to aspartate in H310A1. This mutation in H310A1 was confirmed by sequencing plasmids from three separate bacterial colonies derived from ligation and transformation of the PCR products and RT-PCR amplification of a separate isolation of H310A1 viral RNA. Alignment of CVB3 with human rhinovirus 14 (HRV14) and poliovirus shows that this mutation occurs in a region that corresponds to the puff regions of HRV14 and poliovirus (25) . Myocarditic potential of CVB3 is decreased with aspartate at aa 165 of VP2. Mice were infected with virus derived from the infectious cDNA copies of the viral genome. The H3-cDNA derived virus (H3c) maintained its ability to induce myocarditis in BALB/c mice (H-2d) but not in MRL/ϩϩ mice (H-2k). H3 viral pathogenicity was measured both by induction of cardiac inflammation as observed in high-magnification views of hematoxylin-and-eosin-stained heart sections ( Fig. 3) and by induction of myocyte injury as detected by Von Kossa staining (Table 2 ; Fig. 4 ). Distribution of damaged areas which stain black-brown with Von Kossa stain (32) is readily discernible in low-magnification views of heart cross sections in Fig. 4 . H310A1 cDNA-derived virus (H310A1c) induced minimal cardiac inflammatory response in infected mice, but both the number and size of inflammatory lesions were substantially less than observed in animals infected with the pathogenic (H3c) virus, even though H310A1c infected the heart (Table 2; Fig.  3 ). Minimal or no myocyte injury was observed with this virus variant ( Table 2 ; Fig. 4 ). H3c-H310A1c chimeric viruses were made by exchanging the SmaI (889)-HindIII (2081) fragments. Since the myocarditic potential of the chimeric viruses corresponded with that of the original SmaI-HindIII fragment, point mutations were made at nucleotide 1442. H3 VP2-N165D was generated by mutating nucleotide 1442 from A to G in the H3 cDNA, thus changing the amino acid sequence from asparagine to aspartate. Similarly, H310A1 VP2-D165N was generated by changing nucleotide 1442 from G to A in the H310A1 cDNA. Mice infected with the virus derived from the H3 VP2-N165D cDNA had significantly less myocarditis and cell damage than mice infected with virus derived from the H310A1 VP2-D165N cDNA (Table 2 ; Fig. 3 ). Virus isolated from the hearts of mice infected with H3c, H310A1c, H3 VP2-N165D, and H310A1 VP2-D165N viruses maintain the nucleic acid sequence of the parent viral cDNA at the codon for aa 165 of VP2. These findings confirm that an asparagine-to-aspartate mutation at aa 165 significantly attenuates the ability of CVB3 to induce myocarditis in BALB/c mice.
Previous experiments have shown that the H3 virus can infect BALB/c monocytes and induce release of numerous cytokines, including TNF-␣, IL-1, and IFN-␣/␤, from the cells. It has been previously shown that the H310A1 virus is not able to infect the cells as efficiently or induce as potent as cytokine response (15) . To determine whether the single amino acid change between H3 and H310A1 viruses alters macrophageassociated cytokine responses, TNF-␣ production was measured in BALB/c monocytes infected with the H3c, H310A1c, H3 VP2-N165D, and H310A1 VP2-D165N recombinant viruses. Elevated TNF-␣ production correlated to infections with the virus variants having an asparagine at aa 165 of VP2 (Fig.  5) . Other macrophage-associated cytokines were not evaluated in this study.
DISCUSSION
It has been clearly shown that CVB3 infection in mice activates an acute immune response which peaks at about 7 days after infection (7, 21, 42, 43, 45) . This acute immune response in the heart has been extensively studied by using the Woodruff variant of CVB3 (44, 45) . In addition to the myocarditic response of CVB3 infection, some forms of CVB3 have been shown to induce hepatic necrosis as well as myocarditis in BALB/c mice (9) . The H3 variant of CVB3 was selected because of its relative cardiotrophic/myocarditic potential in BALB/c mice. High levels of virus are obtained from the hearts of mice that have been infected with this variant of CVB3 (12) . In contrast, less myocarditic CVB3 variants (CVB3o and H310A1) replicate in the heart to high titers, yet the amount of cardiac inflammation is very modest, with both fewer numbers of mononuclear cells per lesion and fewer lesions per heart 
a Amino acids not found in the other two sequences are indicated in boldface. The sequence of an infectious nonmyocarditic CVB3 cDNA (5) has also been reported.
b Data for H3 and, in parentheses, H310A1 (at aa 165 of VP2) are from this report.
c From reference 22. d Data from reference 39. e Amino acid 152 of VP2 is a serine in the RD virus phenotype reported by Lindberg et al. (26) .
f Because of two potential proteolytic sites at the beginning of protease 2A, numbers from both sites are shown. section than observed in H3 virus-infected hearts. Additionally, there is a qualitative difference in the type of infiltrating mononuclear cells, with fewer T cells in H310A1-infected hearts than in H3 virus-infected hearts (13, 17) . The H3 variant of the Woodruff virus induces both pathogenic CD4 ϩ T cells to viral epitopes and CD8 ϩ T cells to myocardial antigens (14, 16, 19) . Precursor frequency analyses of the splenic CD4 ϩ T cells correlate the induction of myocarditis to T H 1 cell responses. Similarly, myocarditic mice have high levels of IL-2 and low levels of IL-4 circulating in their sera, while disease-resistant mice have the opposite pattern (low IL-2 and high IL-4) (18) . The preferential activation of T H 2 cells in H310A1 virus-infected animals most likely suppresses the autoimmune CD8 ϩ T-cell response which is primarily pathogenic in myocarditic mice (19, 28) . Administration of an exogenous cytokine (IFN␥, IFN␤, or IL-2) to H310A1-infected mice has been shown to produce substantial myocarditis (19) . These results imply that H310A1 virus cannot activate the immune response because of an inability to stimulate cytokines. The identification of a precise mutation in the H310A1 virus that mediates this unique viral phenotype will facilitate an understanding of how distinct viruses can activate different immunologic responses. Such characteristics may have important implications in the myocarditic potential of CVB3 infection in humans as well.
Previous studies on poliovirus have suggested that changes in the 5Ј untranslated region and the capsid region can have an effect on poliovirus neurovirulence (1, 29, 31, 41) . Similarly, it has been shown that in CVB4, a single mutation in an external loop of VP1 confers virulence in a pancreatitis model (4) . CVB3 virulence can be attenuated by a mutation in an external loop of VP1 (47, 48) . The 5Ј untranslated region of CVB3 has also been shown to play an important role in CVB3-induced viral heart disease (40) . A mutation at nucleic acid 234 in the 5Ј untranslated region of the genome alters the ability of the virus to induce myocarditis even though the virus can still replicate in the murine heart. The previously reported mutations are clearly distinct from that which is documented in this report. These findings suggest that multiple mechanisms may be important in the stimulation of an immune response and generation of a myocarditic phenotype. Sequencing of antibody escape mutants of poliovirus and rhinovirus have identified potential binding sites for viral neutralizing antibodies (30, 33, 38) . In poliovirus, the immunodominant epitope II as defined by Minor et al. (30) is formed by residues from the internal insertion in VP2 (aa 127 to 185) and the internal insertions in VP1 (aa 207 to 237) and the carboxy terminus of VP2 (11) . The crystal structure of HRV14 and alignment of HRV14 with poliovirus identify a similar antigenic epitope in HRV14 known as NIm II, made up of the internal insertion in VP2 (aa 128 to 169) and part of VP1 (aa 210) (33) . These antigenic neutralization sites are in a hypervariable region also known as the puff region, which is located predominantly on the exterior of the virus capsid and is one of the protein regions in poliovirus which line the rim of the canyon floor (11) . This region is referred to as the immunodominant region in rhinovirus (25, 33) , but it is not known if the puff region in CVB is immunodominant. Figure 6 compares the amino acid sequence of the puff region of VP2 with Lindberg et al. (26) identified a threonine-to-serine mutation at aa 151 of VP2 in this same puff region of CVB3 that alters receptor binding of CVB3 to the complement-binding protein decay-accelerating factor (CD55) (2, 26) . Since this prominent loop lines the rim of the capsid's canyon floor in poliovirus, it may be an important component of the virusreceptor interaction, and mutations in this region may alter accessibility of the receptor to its binding site. Both the myocarditic Tracy cDNA (39)-and H3 cDNA-derived viruses have a serine at aa 151 of VP2. Since the 10A1 antibody was originally derived as an antibody that bound to cultured neonatal mouse cells and inhibited CVB3 infection (43) , it is possible that the mutation that we have observed in the puff region of VP2 can also alter virus-receptor interactions. However, preliminary data show that both the H3 and H310A1 viruses can infect isolated adult BALB/c myocytes, as determined by immunocytofluorescence with an anti-CVB3 antibody (24) . Alternatively, some of the neutralizing effects of the 10A1 antibody may be secondary to direct binding of the antibody to the virus, thus preventing interaction of the virus with its receptor. It is also possible that this antibody escape mutant has an altered myocarditic phenotype secondary to alterations in the manner in which this antigenic region stimulates the cellular and/or humoral immune response.
